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(54) Thermoplastic elastomer composition excellent in fusion bondability with an olefinic rubber, 
and bonded article 



(57) A thermoplastic elastomer composition ob- 
tained by [1] adding (D) a cross-linking agent to a mix- 
ture comprising (A) an ethylene/a-olefin copolymer rub- 
ber, (B) an a-olefinic crystalline polymer and (C) an a- 
olefinic non-crystalline polymer having a melt -viscosity 
at 190°C of not more than 50.000 cps and subjecting 
the resulting mixture to dynamic heat-treatment or [2] 
adding the above constituent (D) to a mixture compris- 



ing the above constituents (A) and (B), subjecting the 
resulting mixture to dynamic heat-treatment, then add- 
ing the above constituent (C) to the composition thus 
obtained and subjecting the resulting mixture to melt- 
kneading. Said thermoplastic elastomer composition is 
a partially cross-linked composition and has a high 
bonding strength to both olefinic vulcanized rubber ad- 
herend and olefinic thermoplastic elastomer adherend 
and has excellent fusion-bondability. 
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D scription 

BACKGROUND OF THE INVENTION 

s This invention relates to a partially cross-linked thermoplastic elastomer composition excellent in fusion bondability 

with an olefinic rubber which comprises an ethylene/a-olefin copolymer rubber, an a-olefinic crystalline polymer and 
an ot-olefinic non-crystalline polymer and to its bonded article. 

Olefinic thermoplastic elastomers are excellent in various properties such as heat resistance, ozone resistance : 
weather resistance and the like, and also have elastomeric properties similar to those of a vulcanized rubber and 

to simultaneously have a moldability substantially equivalent to that of an olefinic thermoplastic resin such as polypro- 
pylene and the like. Therefore, by utilizing the above properties, the above thermoplastic elastomers have become 
used in the production of molded articles which require elastomeric properties such as bumper side body molding, 
window-sealing gasket, door-sealing gasket, trunk-sealing gasket, roof side rail, emblem, interior skin material and the 
like of automobile and various gaskets and the like for construction. 

15 Olefinic thermoplastic elastomers used in the production of a window-sealing gasket, door-sealing gasket and 

trunk-sealing gasket of automobile and gaskets for construction which particularly require elastomeric properties among 
the above-mentioned uses are obtained by increasing the content of the ethylene/a-olefin copolymer rubber constituent 
of an olefinic thermoplastic elastomer used in other uses. 

However the thermoplastic elastomers thus obtained are high in flexibility or stickiness, and hence, poor in flow 

20 property in the molten state. Therefore, it is difficult to produce gaskets for automobile and gaskets for construction 
which have complicated shapes directly from the olefinic thermoplastic elastomers by an injection molding method 
which is the most typical molding method. 

On the other hand, the conventional process for producing these gaskets is complicated and requires a long working 
time as mentioned below, and hence, an improvement has been strongly desired from the viewpoints of labor-saving, 

2S productivity-enhancement and the like. 

In the case of, for example, a conventional vulcanized rubber a process is used which comprises profiie-extrusion- 
molding an unvulcanized rubber to prepare the straight line portions of a gasket, vulcanizing the profile extrudates 
obtained, and then bonding the ends of the profile extrudates to each other through a curved joint part in a split-cavity 
mold and then vulcanization-bonding them in the mold. In this case, however two vulcanization steps are required. In 

20 order to simplify such a process to shorten the working time, there have been taken into consideration both substitution 
of the olefinic thermoplastic elastomer which does not require vulcanization, for the material of the joint part joining 
the ends of the vulcanized profile extrudates to each other, and substitution of the olefinic thermoplastic elastomer for 
even the material of the straight line portions of the profile extrudate: however the former substitution is preferred to 
the latter in practice. 

35 In the case of the substitution of the olefinic thermoplastic elastomer for the material of the joint part joining the 

ends of the profile extrudates to each other a method has been adopted which comprises placing the profile extrudates 
in a split-cavity mold, injecting the olefinic thermoplastic elastomer into the joint portion to fusion-bond the ends to each 
other. However, in many cases, it is difficult to obtain such a bonding strength as to be suitable to practical use by 
fusion-bonding. For example. Japanese Patent Application Kokoku No. 61-53.933 (JP-B Sho 61 (1 9S6)-53,933) pro- 

-to poses a method in which when extrusion-molded articles of an olefinic thermoplastic elastomer are bonded to each 
other, the adherends are pre-heated to increase the bonding strength. Also. Japanese Patent Application Kokai No. 
59-221 : 347 (JP-A Sho 59(1 984)-221 .347) proposes a method in which in bonding in the same manner as above, an 
olefinic thermoplastic elastomer having blended therewith a crystalline poly-1 -butene is used to increase the bonding 
strength without pre-heating. In these methods, particularly when the adherend is an olefinic vulcanized rubber no 

-*5 sufficient effect can be achieved. 

Therefore, in both cases where the adherend is an olefinic vulcanized rubber and where the adherend is an olefinic 
thermoplastic elastomer there has been strongly desired a development of an olefinic thermoplastic elastomer com- 
position excellent in fusion bondability. 

so SUMMARY OF THE INVENTION 

An object of this invention is to provide a partially cross-linked thermoplastic elastomer composition excellent in 
fusion bondability which has a high bonding strength to both olefinic vulcanized rubber adherend and olefinic thermo- 
plastic elastomer adherend. 

55 A further object of this invention is to provide a bonded article of the above thermoplastic elastomer composition. 

Other objects and advantages of this invention will become apparent from the following description. 
According to this invention, there is firstly provided a thermoplastic elastomer composition obtained by adding (D) 
a cross-linking agent to a mixture comprising (A) 20 to 80 parts by weight of an ethylene/a-olefin copolymer rubber 
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(B) 5 to 70 parts by weight of an a-olefinic crystalline polymer and (C) 1 to 50 parts by weight of an a-olefinic non- 
crystalline polymer having a melt viscosity at 190°C of not more than 50 : 000 cps [(A) + (B) + (C) = 100 parts by weight], 
and subjecting the resulting mixture to dynamic heat treatment at a temperature not tower than the melting point of the 
component (B). 

s According to this invention, there is secondly provided a thermoplastic elastomer composition obtained by adding 

(D) a cross-linking agent to a mixture comprising (A) 20 to 80 parts by weight of an ethylene/a-olefin copolymer rubber 
and (B) 5 to 70 parts by weight of an c/.-olefinic crystalline polymer, subjecting the resulting mixture to dynamic heat- 
treatment at a temperature not lower than the melting point of the component (B), further adding, to the resulting 
composition, (C) 1 to 50 parts by weight of an a-olefinic thermoplastic elastomer having a melt viscosity at 190°C of 

io not more than 50,000 cps [(A) + (B) + (C) = 100 parts by weight], and melt-kneading the resulting mixture, 

This invention further provides a bonded article in which one molded article of an olefinic vulcanized or thermo- 
plastic elastomer is bonded to one molded article formed from one of the above-mentioned thermoplastic elastomer 
compositions, or two molded articles of an olefinic vulcanized or thermoplastic elastomer are bonded to each other 
through one molded article formed from one of the above-mentioned thermoplastic elastomer compositions. 

*s The thermoplastic elastomer composition of this invention exhibits excellent fusion bondability to adherends of 

both olefinic vulcanized rubber and olefinic thermoplastic elastomer. In addition, the thermoplastic elastomer compo- 
sition of this invention has excellent eiastomeric properties and thermoplastic properties and can be easily molded by 
a usual molding method for a thermoplastic resin such as injection molding, extrusion molding, blow molding, com- 
pression molding, vacuum molding, lamination molding, calender molding or the like. If necessary, the thermoplastic 

20 elastomer composition of this invention can easily be subjected to secondary processing such as foaming, stretching, 
adhering, printing, coating, plating or the like. 

Accordingly, the thermoplastic elastomer composition of this invention can be widely utilized in the production of 
not only various composite molded articles having particularly a fusion-bonded part, but also general molded articles, 
and are useful to, for example, bumpers, side body moldings, window-sealing gaskets, door-sealing gaskets, trunk- 

25 sealing gaskets, roof side rails, emblems, interior and exterior trim skin materials and the like of automobile: sealing 
materials, interior and exterior trim skin materials and the like for aircraft and vessel: sealing materials, interior and 
exterior trim skin materials, water-proof sheet materials and the like for civil engineering and construction: sealing 
materials and the like for general machinery and apparatus: packings, housings and the like for light electrical parts: 
miscellaneous goods for daily use: sporting goods: and the like. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

This invention is explained in detail below, whereby the object, constitution and effect of this invention will be made 
clear. 

35 

(A) Ethylene/a-olefin copolymer rubber 

The ethylene/a-olefin copolymer rubber (A) used in this invention [referred to hereinafter as the copolymer rubber 
(A)] is a rubbery copolymer comprising a major amount of an a-olefin having 3 or more carbon atoms and a minor 
•to amount of ethylene. 

Said copolymer rubber (A) includes, for example, ethylene/a-olefin binary copolymers, ethylene/ a-olefin/non- 
conjugated diene ternary copolymers and the like. However in the case of the above binary copolymers, the a-olefins 
can be used alone or in admixture of two or more. In the case of the above ternary copolymers, not only can the «- 
olefins be used alone or in admixture of two or more, but also the non-conjugated dienes can be used alone or in 
admixture of two or more. 

The above a-olefins include, for example, those having 3 to 12 carbon atoms. Specifically included are propylene, 
1 -butene, 1 -pentene. 3-methyl-1 -butene, 1 -hexene. 3-methyl-1 -pentene. 4-methyl-1 -pentene.. 3-ethyl-1 -pentene, 1 -oc- 
tene, 1-decene, 1-undecene and the like. Particularly preferable are propylene and 1 -butene. 

The above non-conjugated dienes include, for example. 1 .4-pentadiene. 1 ,4-hexadiene, 1 ,5-hexadiene. 1.7-octa- 
50 diene, 1 ,9-decadiene ; 3,6-dimethyl-1 ,7-octadiene. 4,5-dimethyl-1 ,7-octadiene, 5-methyl-1 ,8-nonadiene. di-cyc!open- 
tadiene, 5-ethylidene-2-norbornene, 5-vinyl-2-norbornene, 2.5-norbornadiene and the like, and particularly preferable 
are dicyclopentadiene and 5-ethylidene-2-norbornene. 

Preferable binary copolymers included in the copolymer rubber (A) are ethylene/propylene binary copolymer (EPM) 
and ethylene/1 -butene binary copolymer (EBM). In the above EPM and EBM, the ethylene unit content is preferably 
55 50 to 95 mole %, more preferably 60 to 90 mole %: the remaining unit is composed of propylene or 1 -butene: the 
crystallinity as measured by an X-ray diffraction is preferably 20% or less, more preferably 1 5% or less: and the Mooney 
viscosity (ML 1+4 100°C) (referred to hereinafter merely as the Mooney viscosity) is preferably 10 to 500. more preferably 
20 to 400. 
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Preferable ternary copolymers included in the copolymer rubber (A) are ethylene/propylene/ dicyclopentadiene 
terpolymer. ethylene/propylene/ 5-ethylidene-2-norbornene terpolymer.. ethylene/1 -butene/ dicyclopentadiene terpol- 
ymer and ethylene/1 -butene/ 5-ethylidene-2-norbornene terpolymer. In these terpolymers. the ethylene unit content is 
preferably 50 to 95 moles, more preferably 60 to 90 moles : per 1 00 moles of a total of the ethylene unit and the propylene 
$ or 1 -butene unit: the dicyclopentadiene or 5-ethylidene-2-norbornene unit content is preferably 3 to 10 moles, more 
preferably 3 to 8 moles, per 100 moles of a total of the ethylene unit and the propylene or 1 -butene unit: the crystallinity 
as measured by an X-ray diffraction is preferably 20% or less, more preferably 15% or less: and the Mooney viscosity 
is preferably 10 to 500, more preferably 30 to 400: and the iodine value is preferably 5 to 30. more preferably 7 to 20. 

In the above binary and ternary copolymers, when the ethylene unit content is less than 50 mole %. there is a fear 
10 that the cross-linking efficiency may become low when an organic peroxide is used as the cross-linking agent (D) as 
mentioned hereinafter and the physical properties may become unsatisfactory. When the ethylene unit content is more 
than 95 mole % or when the crystallinity is more than 20%, there is a tendency that the flexibility of the copolymer is 
deteriorated. Therefore, these ethylene unit contents are not desirable. 

When the Mooney viscosity is less than 10. there is a tendency that the bonding strength is lowered, and when it 
'5 exceeds 500. the dispersion of the constituents (B) and (C) becomes insufficient when they are kneaded. Therefore, 
these Mooney viscosities are not satisfactory. 

The copolymer rubber (A) can be produced by a conventional moderate or low pressure polymerization method, 
for example, a method which comprises polymerizing ethylene, an c/.-olefin and a non-conjugated diene in the presence 
of a Ziegler-Natta catalyst consisting of a transition metal compound and an organometallic compound, for example, 
20 a catalyst consisting of at least one solvent-soluble vanadium compound and at least one organoaiuminum compound 
in a suitable solvent while, if necessary, feeding hydrogen as a molecular weight modifier. In this case, the polymeri- 
zation can be carried out by a gas phase method (fluidized bed or stirring bed) or a liquid phase method (a slurry or 
solution method). 

The above-mentioned solvent-soluble vanadium compound is preferably VOCI 3 , VCI 4 or a reaction product of at 

25 least one member selected from VOC! 5 and VCI 4 with an alcohol. In this case, the alcohol includes, for example, 
methanol, ethanol, n-propanoi : isopropanol, n-butanoL sec-butanol, t-butanol. n-hexanol, n-octanol. 2-ethylhexanol, 
n-decanol, n-dodecanol and the like. Among them, alcohols having 3 to 8 carbon atoms are preferred. 

The above-mentioned organoaiuminum compound includes, for example, triethylaluminum, triisobutylaluminum, 
tri-n-hexylaluminum, diethyialuminum monochloride, diisobutylalumtnum monochloride, ethylaluminum sesquichloride, 

30 butylaluminum sesquichloride, ethylaluminum dichloride, butylaiuminum dichloride, an methylaluminoxane which is a 
reaction product of trimethylaluminum with water, and the like. These may be used alone or in admixture of two or 
more. Particularly preferably are ethylaluminum sesquichloride, butylaluminum sesquichloride, a mixture of ethylalu- 
minum sesquichloride and triisobutylaluminum and a mixture of triisobutylaluminum and butylaluminum sesquichloride. 
As the above-mentioned solvent, usually a hydrocarbon solvent is used. Preferable hydrocarbon solvents are n- 

35 pentane, n-hexane, n-heptane, n-octane, isooctane, cyclohexane and the like. These hydrocarbon solvents can be 
used alone or in admixture of two or more. 

In this invention, as the copolymer rubber (A), there can be used, for example, a halogenated copolymer formed 
by substituting a halogen atom such as chlorine atom, bromine atom or the like for a part of the hydrogen atoms of the 
above-mentioned ethylene/o.-olefin binary copolymer, ethylene/c/.-olefin/non-conjugated diene ternary polymer or the 

io like: or a graft copolymer in which an unsaturated monomer such as vinyl chloride, vinyl acetate, (meth)acrylic acid or 
its derivative (for example, methyl (meth)acrylate. glycidyl (meth)acrylate : (meth)acrylamide or the like), maleic acid 
or its derivative (for example, maleic anhydride, maleimide. dimethyl maleate or the like), a conjugated diene (for 
example, butadiene, isoprene, chloroprene or the like) or the like is grafted on the above-mentioned ethylene/ aolefin 
binary copolymer ethylene/c/.-olefin/ non-conjugated diene ternary copolymer or halogenated copolymer. 

45 In this invention, the copolymer rubbers (A) can be used alone or in admixture of two or more. 

Moreover, the copolymer rubber (A) can be used in the form of an oil-extended rubber prepared by blending a 
suitable amount of a softening agent or a plasticizer with the copolymer rubber (A) for further improving the processibility 
flexibility and the like. 

The above-mentioned softening agent or plasticizer includes those which are usually used for rubbers, for example, 
50 mineral oils such as aromatic oil. naphthenic oil, paraffinic oil and the like: vegetable oils such as coconut oil and the 
like: phthalic acid diesters: phosphoric acid triesters: esters of fatty acids with higher alcohols: and the like. The above- 
mentioned softening agents or plasticizers can be used alone or in admixture of two or more. 

The proportion of the softening agent or plasticizer blended is preferably 250 parts by weight or less, more pref- 
erably 200 parts by weight or less, per 1 00 parts by weight of the copolymer rubber (A). In this case, when the proportion 
55 of the softening agent or plasticizer blended is more than 250 parts by weight, there is a fear that dispersion failure 
may occur when the constituents (B) and (C) are kneaded, so that said proportion is not desirable. 

When the softening agent or plasticizer is blended, either method of previously blending the same with the con- 
stituent (A) or method of blending the same in the stage of preparing a thermoplastic elastomer composition may be 



4 
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used, or these methods may be used in combination. 

(B) a-Oiefinic crystalline polymer 

5 The a-olefinic crystalline polymer (B) [referred to hereinafter as the crystalline polymer (B)] used in this invention 

refers to a resin which is composed of a homopolymer of an c/.-oiefin having 3 or more carbon atoms or a copolymer 
comprising a major amount of said a-olefin and which has a crystallinity of 50% or more as measured by an X-ray 
diffraction. 

In said crystalline polymer (B), the crystallinity has a close relation to density and : in general, a density can be 
10 substituted for the crystallinity. In the case of propylene, for example, the density of its c/.-type crystal (monoclinic 
system) is 0.936 g/cm 3 : the density of its smetica type crystallite (pseudohexagonal system) is 0.886 g/cm 3 and the 
density of its non-crystalline (atactic) component is 0.S50 g/cm 3 , and in the case of poly-1 -butene, the density of its 
isotactic crystal is 0.91 g/cm 3 and the density of its non-crystalline (atactic) component is 0.87 g/cm 3 . Accordingly, 
these polymers must have a density of at least 0.89 g/cm 3 . particularly preferably 0.90 to 0.94 g/cm 3 . In this case, 
15 when the density is less than 0.89 g/cm 3 ; the heat resistance, strength and the like are lowered, so that such a density 
is not desirable. 

The above-mentioned a-olefins having 3 or more carbon atoms include : for example, the a-olefins having 3 to 12 
carbon atoms mentioned as to the copolymer rubber (A). Also, the above-mentioned copolymer comprising a major 
amount of an c/.-olefin includes, for example, copolymers of a-olefins having 3 or more carbon atoms with one another 
20 and copolymers of a major amount of an c/-olefin having 3 or more carbon atoms with a minor amount of ethylene, and 
the like. The latter copolymer has preferably an ethylene unit content of not more than 40 mole %, more preferably not 
more than 20 mole %. 

The above-mentioned copolymer comprising a major amount of an a-olefin having 3 or more carbon atoms may 
be in the form of a random copolymer or a block copolymer. However, in order to obtain a resin having the necessary 
25 crystallinity, in the case of a random copolymerization method, it is appropriate to control the total content of monomer 
units to be used in a minor amount to preferably not more than 15 mole %. more preferably not more than 10 mole % ; 
and in the case of a block copolymerization method, it is appropriate to control the total content of monomer units to 
be used in a minor amount to preferably not more than 40 mole %, more preferably not more than 20 mole %. 

The crystalline polymer (B) is preferably a polymer having the maximum peak temperature (Tm) of at least 100°C 
30 as measured by a differential scanning calorimetry (DSC). The melt flow rate (MFR) at a temperature of 230°C under 
a load of 2.16 Kg of the crystalline polymer (B) is preferably 0.1 to 100 g/1 0 min : more preferably 0.5 to 80 g/10 min. 

In this case, when Tm is lower than 100°C : there is a tendency that the heat resistance, strength and the like of 
the fusion-bonded portion are lowered, and when MFR is less than 0.1 g/10 min, the kneader processibility, extruder- 
processibility and the like of the elastomer composition becomes insufficient and when it exceeds 1 00 g/1 0 min, there 
35 js a tendency that the strength of the fusion-bonded portion is lowered. 

The melting point of the crystalline polymer (B) is varied depending upon the monomer composition; however, it 
is preferably at least 120°C, and particularly in the case of polypropylene, its melting point is preferably 140-170°C. 

In this invention, particularly preferable crystalline polymers (B) are polypropylene and propylene/ ethylene copol- 
ymers having a crystallinity of not less than 50%, a density of not less than 0.89 g/cm 3 . an ethylene content of not more 
40 than 20 mole %, and a Tm of at least 100°C. 

Among the crystalline polymers (B) : the random copolymers can be produced, for example, similarly to the above- 
mentioned copolymer rubber (A), and the block copolymer can be produced by, for example, a living polymerization 
method in which a Ziegler-Natta catalyst is used. 

In this invention, the crystalline polymers (B) can be used alone or in admixture of two or more. 

45 

(C) a-Qlefinic non-crystalline polymer 

The a-olefinic non-crystalline polymer (C) having a melt viscosity at 190°C of not more than 50,000 cps [referred 
to hereinafter as the non-crystalline polymer (C)] is a non-crystalline homopolymer of an a-olefin having 3 or more 
50 carbon atoms or a non-crystalline copolymer comprising a major amount of said a-olefin. both of which have a relatively 
low molecular weight so that the crystallinity as measured by an X-ray diffraction is less than 50%. 

The melt viscosity of the non-crystalline polymer (C) is preferably 1 00 to 30,000 cps, more preferably 200 to 20,000 
cps, and the crystallinity is preferably 30% or less, more preferably 20% or less. The crystallinity of the non-crystalline 
polymer (C) can also be replaced by its density, and the density is preferably 0.85 to 0.89 g/cm 3 , more preferably 0.85 
55 *o 0.88 g/cm 3 . 

In this case, even when the melt viscosity of the non-crystalline polymer (C) exceeds 50,000 cps or the density is 
more than 0.89 g/cm 3 , the bonding strength to an adherend is lowered, and either of them is undesirable. 

Incidentally, the number average molecular weight (referred to hereinafter as Mn) of the non-crystalline polymer 



5 
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(C) is preferably 1.000 to 20,000, more preferably 1.500 to 15 : 000. 

The above-mentioned olefin having 3 or more carbon atoms include, for example, the a-olefins having 3 to 12 
carbon atoms mentioned as to the olefinic copolymer rubber (A). 

The non-crystalline polymer (C) includes, for example, non-crystalline homopolymers such as atactic polypropyl- 
s ene, atactic poly-1 -butene and the like: non-crystalline copolymers, for example, non-crystalline copolymers of a major 
amount of propylene with other olefins (for example, ethylene, 1 -butene, 1-pentene : 1-hexene : 4-methyl-1 -pentene, 
1-octene ; 1-decene and the like), non-crystalline copolymers of a major amount of 1 -butene with other olefins (for 
example, ethylene, propylene, 1-pentene ; 1-hexene, 4-methyl-1 -pentene, 1-octene : 1-decene and the like), and the 
like: etc. 

'0 The above-mentioned non-crystalline copolymer may be in the form of a random copolymer or a block copolymer, 

and in the case of the block copolymer, it is necessary that the bonding style of units of at least a-olefin used in a major 
amount such as propylene, 1 -butene or the like be an atactic configuration. When the non-crystalline copolymer is a 
copolymer of ethylene and an a-olefin having 3 or more carbon atoms, the content of this a-olefin is preferably not less 
than 50 mole %. more preferably 60 to 100 mole %. 

15 in this invention, the non-crystalline polymer (C) is preferably an atactic polypropylene, a non-crystalline copolymer 

of a major amount of propylene and a major amount of ethylene or a non-crystalline copolymer of propylene and 
1 -butene. 

Among the non-crystalline polymers (C), the atactic polypropylene can be obtained as a by-product in a process 
for the production of polypropylene as the crystalline polymer (B). The random copolymer can be produced, for example, 
20 in the same manner as in the production of the copolymer rubber (A) and the block copolymer can be produced, for 
example, by living polymerization using a Ziegier-Natta catalyst. Moreover the atactic polypropylene and atactic poly- 
1 -butene can also be produced by polymerization using a zirconocene compound-methylaluminoxane catalyst, or the 
like. 

In this invention, the non-crystalline polymers (C) can be used alone or in admixture of two or more. 

25 

(D) Cross-linking agent 

The cross-linking agent (D) used in this invention is a compound capable of cross-linking at feast one (co)polymer 
in the composition by a dynamic heat treatment at a temperature not lower than the melting point of the crystalline 
30 polymer (B). 

Said cross-linking agent includes organic peroxides, phenol type cross-linking agents, sulfur, sulfur compounds, 
p-quinone ; derivatives of p-quinonedioxime, bismaleimide compounds, epoxy compounds, silane compounds, amino 
resins and the like, and in particular, organic peroxides and phenol type cross-linking agents are preferable. 

The above organic peroxides include, for example, 1 ,3-bis(t-butylperoxyisopropyl)benzene : 2,5-dimethyl-2.5-bis 
35 (t-butylperoxy)hexyne-3, 2,5-dimethyl-2,5-bis(t-butylperoxy)hexene-3, 2.5-dimethyl-2 ; 5-bis(t-butylperoxy)hexane, 
2.2'-bis(t-butylperoxy)-p-isopropylbenzene, dicumyl peroxide, di-t-butyl peroxide, t-butyl peroxide, p-menthane perox- 
ide, 1 ,1 -bis(t-butylperoxy)-3.3.5-trimethylcycfohexane, dilauroyl peroxide, diacetyl peroxide, t-butyi peroxybenzoate, 
2,4-dich!orobenzoyl peroxide, p-chlorobenzoyl peroxide, benzoyl peroxide, di(t-butylperoxy) perbenzoate. n-butyl- 

4.4- bis(t-butylperoxy) valerate, t-butyl peroxyisopropyl carbonate, and the like. Among these organic peroxides, pref- 
^0 erable are those having a relatively high decomposition temperature such as 1 ; 3-bis(t-butylperoxyisopropyl) benzene, 

2.5- dimethyl-2 : 5-bis(t-butylperoxy) hexyne-3 : 2.5-dimethyl-2,5-bis(t-butylperoxy)hexane and the like, and particularly 
preferable is 2 : 5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3 which has a high decomposition temperature. 

The above-mentioned organic peroxides can be used alone or in admixture of two or more. 

In this invention, a uniform and mild cross-linking reaction can be carried out by using the above organic peroxide 
^5 along with a suitable cross-linking co-agent. 

Said cross-linking co-agents include, for example, sulfur and sulfur compounds such as powdery sulfur, colloidal 
sulfur precipitated sulfur insoluble sulfur surface-treated sulfur dipentamethylenethiuram tetrasulfide and the like: 
oxime compounds such as p-quinoneoxime, p,p'-dibenzoylquinoneoxime and the like: polyfunctional monomers such 
as ethylene glycol di(meth)acrylate, diethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetraethyl- 
50 ene glycol di(meth)acrylate. polyethylene glycol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, diallyl phtha- 
late, tetraallyloxyethane, triallyl cyanurate, N,N'-m-phenylene bismaleimide, N.N'-toluylene bismaleimide. maleic an- 
hydride, divinylbenzene, zinc di(meth)acrylate and the like: etc. Among these cross-linking co-agents, preferable are 
p,p'-dibenzoylquioneoxime. N,N'-m-phenylene bismaleimide and divinylbenzene. Incidentally, N,N'-m-phenylene bis- 
maleimide can act alone as a cross-linking agent. 
55 The above-mentioned cross-linking co-agents can be used alone or in admixture of two or more. 

Moreover, the above-mentioned phenol type cross-linking agent is preferably a p-substituted phenol compound 
represented by the general formula: 
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R R n R 



'0 wherein n is an integer of 0 to 10, X represents a hydroxyl group, a halogenated alkyl group or a halogen atom, and 
R represents a saturated hydrocarbon group having 1 to 15 carbon atoms. This p-substituted phenol compound has 
heretofore been used as a cross-linking agent for rubber as stated in US Patent Nos. 3,287.440 and 3,709,840. 

The above p-substituted phenol compound can be obtained by condensation reaction of a p-substituted phenol 
with an aldehyde (preferably formaldehyde) in the presence of an alkali catalyst. 

75 Also, as the phenol type cross-linking agent there can be used other phenol type cross-linking agents, for example, 

an o-substituted phenol-aldehyde condensate, an m-substituted phenol-aldehyde condensate, a brominated alkylphe- 
nol-aldehyde condensate and the like. 

In this invention, the above-mentioned phenol type cross-linking agents can be used alone: however, in order to 
control the cross-linking rate, it can also be used along with a cross-linking promotor. 

20 Such a cross-linking promotor includes, for example, metal halides such as stannous chloride, ferric chloride and 

the like: organic halides such as chlorinated polypropylene, brominated butyl rubber, chloroprene rubber and the like: 
etc. Also, a metal oxide such as zinc oxide or the like and a dispersing agent such as stearic acid or the like can be 
used together with the cross-linking promotor. 

25 Proportions of constituents of the thermoplastic elastomer composition 

The proportions of the above constituents of the thermoplastic elastomer composition of this invention are such 
that the proportion of the copolymer rubber (A) is 20 to 80 parts by weight, preferably 25 to 75 parts by weight: the 
proportion of the crystalline polymer (B) is 5 to 70 parts by weight, preferably 1 0 to 60 parts by weight: and the proportion 

30 of the non-crystalline polymer (C) is 1 to 50 parts by weight, preferably 3 to 40 parts by weight, provided that the total 
of the above three constituents is 100 parts by weight. 

In this case, when the proportion of the copolymer rubber (A) blended is less than 20 parts by weight, or when the 
proportion of the crystalline polymer (B) exceeds 70 parts by weight, the flexibility of the thermoplastic elastomer ; com- 
position is lowered, and when the proportion of the copolymer rubber (A) exceeds 80 parts by weight or when the 

35 proportion of the crystalline polymer (B) is less than 5 parts by weight, the heat resistance and strength of the fusion 
bonded portion are deteriorated and simultaneously the characteristics as a thermoplastic material are damaged. 
Therefore, these proportions are not desirable. 

Furthermore, when the proportion of the non-crystalline polymer (C) blended is less than 1 part by weight, the 
fusion bondability which is the characteristic feature of this invention is damaged, and when the proportion exceeds 

JO 50 parts by weight, the strength of the fusion bonded portion is lowered, the tackiness of the thermoplastic elastomer 
composition becomes too high and the dispersion of the constituents (A) and (B) becomes insufficient when they are 
kneaded, so that these proportions are not desirable. 

Moreover, among the cross-linking agents (D), the organic peroxide is blended preferably in a proportion of 0.05 
to 1.5 parts by weight, more preferably 0,1 to 1.0 part by weight, per 100 parts by weight of a total of the copolymer 
rubber (A), the crystalline polymer (B) and the non-crystalline polymer (C), and the proportion of the above-mentioned 
cross-linking co-agent used is preferably 4 parts by weight or less, more preferably 0.2 to 3 parts by weight, per 100 
parts by weight of a total of the constituents (A). (B) and (C). In this case, when the proportion of the organic peroxide 
is less than 0.05 part by weight, there is a tendency that the fusion bondability which is the characteristic feature of 
this invention and the elastic recovery of the fusion bonded portion are deteriorated, and when the proportion of the 

50 organic peroxide exceeds 1.5 parts by weight, there is a tendency that processibilities such as extrusion-processibility 
and injection-moldability are deteriorated. When the proportion of the cross-linking co-agent blended exceeds 4 parts 
by weight, there is a fear that the cross-linking may become excessive and the fusion bondability which is the charac- 
teristic feature of this invention may be rather deteriorated. 

The proportion of the phenol type cross-linking agent (D) blended is preferably 0.2 to 10 parts by weight, more 

55 preferably 0.5 to 5 parts by weight, per 1 00 parts by weight of the copolymer rubber (A), In this case, when the proportion 
of the phenol type cross-linking agent (C) blended is less than 0.2 part by weight, there is a tendency that the fusion 
bondability which is the characteristic feature of this invention and the elastic recovery of the fusion bonded portion 
are lowered, and when the proportion of the phenol type cross-linking agent (C) blended exceeds 10 parts by weight, 
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there is a tendency that the extrusion-processibility and the injection-processibility of the thermoplastic elastomer com- 
position are deteriorated. 

Preparation of thermoplastic elastomer composition 

5 

The thermoplastic elastomer composition of this invention is prepared by the following methods: 

In the first method : the cross-linking agent (D) is added to a mixture comprising the copolymer rubber (A), the 
crystalline polymer (B) and the non-crystalline polymer (C) in the above-mentioned respective amounts: if necessary, 
the cross-linking co-agent or the cross-linking promotor was added: and then the resulting mixture is subjected to 
70 dynamic heat-treatment at a temperature not lower than the melting point of the crystalline polymer (B). 

In the second method, the cross-linking agent (D) is added to a mixture comprising the copolymer rubber (A) and 
the crystalline polymer (B) in the above-mentioned respective amounts: if necessary, the cross-linking co-agent or the 
cross-linking promotor is added: the resulting mixture is subjected to dynamic heat-treatment at a temperature not 
lower than the melting point of the crystalline polymer (B): the non-crystalline polymer (C) in the above-mentioned 
is amount is, or if necessary, both the crystalline polymer (B) and the non-crystalline polymer (C) in the above-mentioned 
amounts are, added to the composition thus obtained: and the resulting mixture is melt-kneaded. 

The dynamic heat-treatment in this invention means a heat-treatment under shearing of the mixture to be treated. 
When said dynamic heat-treatment is effected, the organic peroxide used as the cross-linking agent is decomposed 
to generate a radical, by the action of which, in the first method, the constituents (A), (B) and (C) are partially cross- 
20 linked, or in the second method, the constituents (A) and (B) are partially cross-linked, whereby a partially cross-linked 
thermoplastic elastomer composition is obtained. When a phenol type cross-linking agent is used as the cross-linking 
agent, a thermoplastic elastomer composition in which the copolymer rubber (A) has been selectively partially cross- 
linked is obtained. Incidentally, in the melt-kneading in the second method, a shearing force may or may not be applied. 

The above dynamic heat-treatment can be carried out in a melt-kneading apparatus capable of applying a shearing 
25 force to the mixture to be treated. 

As the above melt-kneading apparatus, there can be used a known apparatus, for example, a mixing roll of the 
open type, a Banbury mixer of the internal type, a single screw extruder, a twin screw extruder, a kneader or the like. 
Among these apparatuses, the single screw extruder and the twin screw extruder are preferred from the viewpoint of 
economy, treatment efficiency and the like. Also, the treatment in the above kneading apparatus can be carried out 
30 batchwise or continuously. 

The conditions for the dynamic heat-treatment may be varied depending upon the melting point of the crystalline 
polymer (B), the kind of the cross-linking agent (D), the kneading system and the like: however, the treatment temper- 
ature is preferably 1 20-350°C. more preferably 1 60-290°C, and the treatment time is preferably 20 sec to 20 mm, more 
preferably 30 sec to 15 min. The shearing force at the time of dynamic heat-treatment is preferably about 10 to 10 4 / 
^5 sec, more preferably about 10 2 to 10 3 /sec in terms of shear rate. 

In the preparation of the thermoplastic elastomer composition of this invention, the copolymer rubber (A), the 
crystalline polymer (B) and the non-crystalline polymer (C) can be mixed and then fed, or two constituents, either (A) 
and (B): (A) and (C): or (B) and (C), can be previously mixed and the resulting mixture can be mixed with another 
constituent and then fed to The method of mixing the constituents (A), (B) and (C) includes, for example, (a) a method 
40 by which the constituents (A), (B) and (C) are melt-mixed with each other: (b) a method by which solutions of constituents 
(A), (B) and (C) are mixed with each other and then the solvent is removed: (c) a method by which one or two of the 
constituents (A). (B) and (C) are fed to a polymerizing vessel, the other constituent(s) is prepared in the polymerizing 
vessel, and thereafter, the solvent is removed. 

In this case, when the crystalline polymer (B) is previously melt-mixed with the non-crystalline polymer (C) and 
45 then the resulting molten mixture is used, the bonding strength which is the main object of this invention can be further 
enhanced, and hence, this embodiment is preferred. 

When melt-mixing is carried out, a method can be adopted in which the cross-linking agent (D) is added simulta- 
neously with melt-mixing the copolymer rubber (A) with the crystalline polymer (B) or with melt-mixing the copolymer 
rubber (A), the crystalline polymer (B) and the non-crystalline polymer (C) together, to subject the mixture to dynamic 
50 heat-treatment. 

The thermoplastic elastomer composition of this invention may if necessary, have blended therewith a reinforcing 
material (for example, carbon black, silica or the like): a filter (for example, clay, talc ( calcium carbonate or the like): 
and other additives such as a processing aid, a coloring agent, an antioxidant, an ultraviolet light absorber, an age 
resistor, a thermal stabilizer, a lubricant, a release agent, a flame retardant, a foaming agent, an antistatic agent, a 
55 fungicide and the like. The thermoplastic elastomer composition of this invention may further contain other polymers 
than the constituents (A), (B) and (C). for example, natural rubber potyisoprene rubber, polybutadiene rubber, styrene- 
butadiene rubber, acrylonitrile-butadiene rubber, butyl rubber, acrylic rubber high density polyethylene, medium density 
polyethylene, low density polyethylene, linear low density polyethylene and the like in appropriate amounts. 
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These additives can be blended in any step in the course of preparing the thermoplastic elastomer composition 
of this invention. 

Preparation of bonded article 

5 

As a method of bonding a molded article of the thermoplastic elastomer composition of this invention to an olefinic 
vulcanized rubber molded article, the following method can be adopted: 

A first method of bonding a molded article of the thermoplastic elastomer composition of this invention to an olefinic 
vulcanized rubber molded article by an injection molding which comprises placing the olefinic vulcanized rubber molded 
to article in a split-cavity mold, injecting the thermoplastic elastomer composition of this invention into the joint portion or 
on the vulcanized rubber molded article to obtain a bonded article in which the end of the olefinic vulcanized rubber 
molded article is fusion-bonded to the end of the molded article of the thermoplastic elastomer composition or another 
bonded article (laminate) in which the surface of a molded article of the olefinic vulcanized rubber is fusion-bonded to 
the surface of a molded article of the thermoplastic elastomer composition. 
is A second method of bonding an olefinic vulcanized rubber molded article to a molded article of the thermoplastic 

elastomer composition of this invention by a hot press molding which comprises placing a molded article of the ther- 
moplastic elastomer composition of this invention and the olefinic vulcanized rubber molded article in a split-cavity 
mold, and heating the split-cavity mold to obtain a bonded article (or a laminate) in which the molded article of the 
thermoplastic elastomer composition is fusion-bonded to the olefinic vulcanized rubber molded article. In this case, an 
20 olefinic unvulcanized rubber may be substituted for the olefinic vulcanized rubber and this olefinic unvulcanized rubber 
is vulcanized simultaneously with fusion-bonding the unvulcanized rubber molded article to the molded article of the 
thermoplastic elastomer composition. 

A third method of bonding a molded article of the thermoplastic elastomer composition of this invention to a molded 
article of an olefinic vulcanized rubber by an extrusion molding which comprises extruding the thermoplastic elastomer 
25 composition into a sheet or film : placing the molten sheet or film on the olefinic vulcanized rubber molded article and 
press-bonding the resulting assembly by a roll or the like to obtain a bonded article (a laminate). 

A fourth method of bonding a molded article of the thermoplastic elastomer composition of this invention *to a 
molded article of an olefinic unvulcanized rubber by a multilayer extrusion molding which comprises extruding sepa- 
rately the thermoplastic elastomer composition and the olefinic unvulcanized rubber from the respective extruders to 
30 form their respective sheets or films so that every one of the sheets or films of the thermoplastic elastomer composition 
are inserted between a each pair of the sheets or films of the olefinic unvulcanized sheets or films, and fusion-bonding 
(laminating) the sheets or films to one another simultaneously with vulcanizing the unvulcanized rubber. 

The method of obtaining a bonded article (including a laminate) is not critical: however, the thermoplastic elastomer 
composition of this invention is contacted in the heat-plasticized state with the joint surface of the olefinic vulcanized 
35 rubber molded article and the thermoplastic elastomer composition is cured by cooling in the state that the thermoplastic 
elastomer composition is in contact with the joint surface of the olefinic vulcanized rubber molded article or the resulting 
assembly is under pressure. By this process, the molded article of the thermoplastic elastomer composition of this 
invention is strongly bonded to the olefinic vulcanized rubber molded article which is an adherend. 

The olefinic vulcanized rubber used here as the adherend is not critical: however preferable are EPM, EPDM. 
-to EBM, EBDM and the like. It is possible to use an olefinic vulcanized rubber comprising, per 100 parts by weight of said 
rubber, 100 parts by weight or less of such a component as MR, IR : BR. SBR, NBR, NR, CR, RB, ACM, fluororubber. 
epichlorohydrin rubber, urethane rubber, PP. PE ; PB-1, EVA or the like. 

The method of bonding a molded article of the thermoplastic elastomer composition of this invention to a molded 
article of the olefinic thermoplastic elastomer can be selected from various methods as mentioned above. The olefinic 
■15 thermoplastic elastomer used as an adherend in this method is not critical. See, e. g., Japanese Patent Application 
Kokoku Nos. 53-21,021: 53-34,210: 54-2.662: 54-23,702: 55-18,448: 58-46.138: 56-15.742 and 02-52.648. Alterna- 
tively, the thermoplastic elastomer composition of this invention may be used. 

When the adherend is an olefinic vulcanized rubber and the thermoplastic elastomer composition of this invention 
is fusion-bonded to the adherend by an injection molding, the effect of this invention is surprisingly increased. 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples and Comparative Examples are shown below to explain this invention in more detail. However, this 
invention should not be construed to be limited to the Examples. 

55 

Constituents to be compounded 

The constituents used in the Examples and the Comparative Examples were as follows: 
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Copolymer rubber (A) 

EP-1 ; Ethylene/propylene/5-ethylidene-2-norbornene terpolymer (ethylene content: 79 mole %: propylene content: 
21 mole %: Mooney viscosity: 320: Iodine value: 15) (EP98A, a trade name of Japan Synthetic Rubber Co. : 
5 Ltd.). This was blended with a mineral oil softening agent (PW-380, a trade name of Idemitsu Petrochemical 

Co.. Ltd.) in an amount of 43% by weight based on the total weight of EP-1 and the mineral oil softening agent 
and then used. 

EP-2: Ethylene/propylene/dicyclopentadiene terpolymer (ethylene content: 77 mole %: propylene content: 23 mole 
%: Mooney viscosity: 85, Iodine value: 20) (EP75R a trade name of Japan Synthetic Rubber Co. : Ltd.) 

10 

Crystalline polymer (B) 

PP-1: Propylene/ethylene random copolymer (density: 0.90 g/cm 3 : MFR (temperature: 230°C: load: 2.16 Kg): 23 g/ 

10 min) (FL25R, a trade name of Mitsubishi Chemical Co. : Ltd.) 
15 PP-2: Propylene/ethylene block copolymer (density: 0.90 g/cm 3 : MFR (temperature: 230°C : load: 2.16 Kg): 30 g/10 

min) (BC03GS, a trade name of Mitsubishi Chemical Co., Ltd.) 
PP-3: Polypropylene (density: 0.91 g/cm 3 : MFR (temperature: 230°C: load: 2.16 Kg): 5 g/10 min) (MA4. a trade 

name of Mitsubishi Chemical Co.. Ltd.) 

20 Non-crystalline polymer (C) 

AP-1 : Propylene/ethylene non-crystalline copolymer (propylene content: 87 mole %: melt-viscosity: 8,500-cps: den- 
sity: 0.86 g/cm 3 : Mn: 7,100) (UBETAC APAO UT 2385 ; a trade name of Ube Rexene Corporation) 

AP-2: Propylene/1 -butene non-crystalline copolymer (propylene content: 71 mole %: melt viscosity: 8.000 cps: den- 
25 sity: 0.87 g/cm 3 Mn; 6,500) (UBETAC APAO UT 2780. a trade name of Ube Rexene Corporation) 

AP-3: Atactic polypropylene (melt viscosity: 3,000 cps: density: 0.86 g/cm 3 : Mn: 7,100) (UBETAC APAO UT 2180, 
a trade name of Ube Rexene Corporation) 

AP-4: Propylene/ethylene non-crystalline copolymer (propylene content: 87 mole %: melt viscosity: 400 cps: density: 
0.86 g/cm 3 Mn: 1,900) (UBETAC APAO UT 2304 ; a trade name of Ube Rexene Corporation) 
30 PA-5: Atactic polypropylene (melt viscosity: 10 : 000cps: density: 0.88 g/cm 3 ) (E-4, a trade name of Mitsubishi Chem- 
ical Co., Ltd.) 

Also : the following polymers were used as comparative polymers: 

35 PB-1 : Propylene/1 -butene non-crystalline copolymer (melt viscosity: 6,000,000 cps: density: 0.89 g/cm 3 ) (TAFMER 
XR 1 10T a trade name of Mitsui Petrochemical Industries, Ltd.) 
PB-2: 1-Butene/a-olefin non-crystalline copolymer (melt viscosity: 300.000 cps: density: 0.90 g/cm 3 ) (M8510, a trade 

name of Mitsui Petrochemical Industries, Ltd.) 
IIR: Isobutylene/isoprene non-crystalline copolymer (degree of unsaturation: 0.8%, melt viscosity: 5,000.000 cps: 
40 density: 0.92 g/cm 3 ) (Butyl 065, a trade name of Japan Synthetic Rubber Co. : Ltd.) 

EVA: Ethylene/vinyl acetate non-crystalline copolymer (ethylene content: 93 mole %: melt viscosity: 23.000 cps: 
density: 0.94 g/cm 3 : MFR (temperature: 190°C: load: 2.16 Kg): 400 g/10 min) (EVAFLEX41 0 : a trade name 
of Mitsui DuPont Polychemical Co., Ltd.) 

4 & Cross-linking agent (D) 

PH3: 2,5-Dimethyl-2.5-di-(t-butylperoxy)hexyne-3 (Perhexyne25B, a trade name of NOF CORP.) 
PhR: Brominated alkylphenol-formaldehyde condensate (Tackirol250-I, a trade name of TAOKA CHEMICAL CO., 
LTD.) 

so 

(Other additives) 

BM1 : N.N'-m-phenylene bismaleimide (cross-linking co-agent) (VULNOC PM, a trade name of Ohuchi Shinko Chem- 
ical Industry Co., Ltd.) 

55 AO: n-Octadecyl-3-(4 , -hydroxy-3'.5 , -di-t-butylphenyl) propionate (antioxidant) (Irganox 1076, a trade name of Ciba- 
Geigy (Japan) Limited) 
ZnO: Zinc flower (manufactured by SAKAI CHEMICAL INDUSTRY CO., LTD.) 
STA: Stearic acid (manufactured by ASAHI DENKA KOGYO K. K.) 
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Adherend 

An adherend comprising an oiefinic vulcanized rubber [referred to hereinafter as Adherend (I)] was prepared by 
the following method: 

5 To 100 parts by weight of an ethylene/ propylene/5-ethylidene-2-norbornene terpolymer (ethylene content: 72 mole 

%; propylene content: 28 mole %: Mooney viscosity: 92: iodine value: 1 5) (EP 103A ; a trade name of Japan Synthetic 
Rubber Co. : Ltd.) were added: 

145 parts by weight of carbon black (Seast 116. a trade name of Tokai Denkyoku K. K.) : 
10 85 parts by weight of a paraffinic process oil (PW380 : a trade name of Idemitsu Kosan K. K.) : 

5 parts by weight of active zinc flower (manufactured by SAKAI CHEMICAL INDUSTRY CO. : LTD.) : 
1 part by weight of stearic acid (manufactured by ASAHl DENKA KOGYO K. K.) : 

1 part by weight of a processing aid (Hitanol 1501. a trade name of Hitachi Chemical Co., Ltd.), 

2 parts by weight of a release agent (Struktol WB212 : a trade name of Schill & Zeilacher), and 
75 1 part by weight of polyethylene glycol (plasticizer) : 

and the resulting mixture was kneaded using a Banbury mixer at 50°C at 70 rpm for 2.5 hours. Subsequently, to the 
mixture were added: 

20 10 parts by weight of a dehydrating agent (Vesta PR a trade name of Inoue Sekkai Kogyo K. K.) ; 

1 part by weight of a vulcanization accelerator M (manufactured by Ohuchi Shinko Chemical Industry Co., Ltd.), 
1 part by weight of a vulcanization accelerator PX (manufactured by Ohuchi Shinko Chemical Industry Co.. Ltd.), 
0.5 part by weight of a vulcanization accelerator TT (manufactured by Ohuchi Shinko Chemical Industry Co. : Ltd.) : 
1 part by weight of a vulcanization accelerator D (manufactured by Ohuchi Shinko Chemical Industry Co, Ltd.) ; and 

25 ' 2.2 parts by weight of sulfur 

and the resulting mixture was kneaded using an open roll at 50°C, and thereafter, vulcanized at 170°C for 10 minutes 
to prepare a vulcanized rubber sheet having a thickness of 2 mm. 

This sheet was punched by a dumbbell cutter to prepare an adherend having a size of 60 x 50 mm [referred to 
30 hereinafter as Adherend (I)]. 

Adherend (II) was prepared by molding a composition consisting of 60 parts by weight of EP-1 having blended 
therewith 45% by weight of a mineral oil softening agent (PW-380, a trade name of Idemitsu Petrochemical Co.. Ltd.) 
and 40 parts by weight of PP-1 by an injection machine (N-100. a trade name of THE JAPAN STEEL WORKS, LTD.) 
to prepare a square plate having a size of 120 x 100 x 2 mm, and punching this plate by a dumbbell cutter to prepare 
35 an adherend having a size of 60 x 50 mm. 

Adherend (III) was prepared in the same manner as in the case of Adherend (II), except that a composition/con- 
sisting of 54 parts by weight of EP-1 having blended therewith 39% by weight of a mineral oil softening agent (PW- 
380 : a trade name of Idemitsu Petrochemical Co., Ltd.), 34 parts by weight of PP-1 and 12 parts by weight of AP-1 
was substituted for the composition. 

40 

Evaluation test 

The evaluation tests in the Examples and the Comparative Examples were conducted as follows: 
45 (1) JIS A hardness 

A molded article of a thermoplastic elastomer composition was subjected to measurement according to JIS K6301 . 
(2) Fusion-bonding test 

50 

(i) Tensile test 

A test specimen prepared by punching so that the joint portion bonding the elastomer composition molded article 
to the adherend was positioned in the middle by use of a JIS No. 2 dumbbell cutter was drawn at a speed of 500 mm/ 
55 min and the bonding strength and elongation at break of the joint portion bonding the thermoplastic elastomer compo- 
sition molded article to the adherend were measured according to JIS K6301 . 
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(ii) Folding test 

The test specimen was folded at the joint portion bonding the elastomer composition molded article to the adherend 
as the starting point by an angle of 180°. and the debonded state at that time was observed visually and evaluated on 
s the basis of the following criterion: 

O: Not debonded 

Partially debonded 
x; Debonded and broken 

w 

Examples 1 to 10 and Comparative Examples 1 to 9 

Elastomer compositions shown in Tables 1 and 2 were prepared by the following procedure: 

Other constituents than the constituent (D) were charged into a pressure kneader having a volume of 10 liters 
is (manufactured by Kabushiki Kaisha Moriyama Seisakusho) previously heated to 150°C and kneaded at 40 rpm for 10 
minutes. The composition thus obtained was molded into a sheet by a 1 0-inch roll mill, and the sheet was then cut into 
cubic pellets by a cube-cutting pelletizer. 

The constituent (D) was added to the composition in the form of cubic pellets and they were mixed for 30 minutes 
by a Henschel mixer and thereafter extruded under the, conditions that the temperature was 230°C and the residence 
20 time was 2 minutes using a twin screw extruder [the ratio of the length L of the screw flight portion and the screw 
diameter D (L/D) was 33.5] (PCM-45, a trade name of Kabushiki Kaisha Ikegai)] while the mixture was subjected to 
dynamic heat-treatment, to obtain pellets of thermoplastic elastomer composition. 

The pellets were subjected to injection molding by means of an injection machine (N-100. a trade name of THE 
JAPAN STEEL WORKS, LTD.) in which a sheet of the Adherend (I) (60 x 50 X 2 mm) were previously attached to the 
25 split-cavity mold to prepare a square plate (120 x 100 x 2 mm) in which the thermoplastic elastomer composition was 
fusion-bonded to the sheet of the Adherend (I). 

The square plate thus obtained was subjected to the evaluation test. The evaluation results are shown in Table 1 
(Examples 1 to 10) and in Table 2 (Comparative Examples 1 to 9). 

It can be seen from the results that the thermoplastic elastomer composition of this invention is excellent in bonding 
30 strength to adherend and in elongation at break, and neither debonding nor breakage were caused by folding. 

On the other hand, in Comparative Example 1 : the bonding strength and elongation at break were inferior because 
the constituent (C) was not contained, and breakage was caused by folding. 

In Comparative Example 2, the amount of the constituent (C) was large, and hence, the strength of the elastomer 
composition per se was small and material breakage was caused by drawing before debonding at the joint portion, 
35 and debonding was caused by folding. 

In comparative Example 3. the amount of the constituent (A) was large, so that the processibility was remarkably 
inferior, the injection molding was impossible, and the composition was not able to be used in practice as a thermoplastic 
elastomer. 

in Comparative Example 4, the amount of the constituent (A) was small and the amount of the constituent (B) was 
•*o large, and hence, the thermoplastic elastomer composition was poor in flexibility, inferior in elongation at break and 
broken by folding. 

In Comparative Example 6 and Comparative Example 7, the melt-viscosity at 1 90°C of the non-crystalline polymer 
comprising a major amount of propylene or butene-1 was high, and hence, the bonding strength and elongation at 
break were inferior, and debonding or breakage was caused by folding. 
45 In Comparative Example 8 and Comparative Example 9. a non-crystalline polymer other than the constituent (C) 

of this invention was used, and hence, the bonding strength and elongation at break were inferior and breakage was 
caused by folding. 
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Examples 11 to 1 3 and Comparative Examples 1 0 to 1 2 

In the same manner as in Examples 1 to 1 0. except that the constituents shown in Table 3 were used, thermoplastic 
elastomer compositions were prepared and subjected to the evaluation tests. The evaluation results obtained are 
shown in Table 3. 
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From the results, it can be seen that Comparative Examples 10 to 1 2 in which the constituent (C) of this invention 
was not used are inferior in bonding strength and elongation at break as compared with Examples 11 to 1 3, respectively, 
which are approximately the same in hardness, and breakage was caused by folding in Comparative Examples 10 to 1 2. 



10 



15 



20 



25 



cn 

0) 
*—\ 
jQ 
rti 
H 



30 



40 



45 



Comp. Example 


f-i 


f- 1 

I o 
PM vo 

w 


in 


f-H 

1 o 

cu 


i i 


cx 






M 




f-H 
«-H 


f-H 

o< ^ 

U4 


f-H 

CO 


•-H 

Ot m 


i i 




03 ° 


fH 

9 * 

< o 


1-H 


a\ cn 01 * 


O 
» — I 


r-H 

I r- 

CU r- 

1*4 


VO 

in 


f-H 

1 ro 
(Ot CM 








f-H 


hH 


S 2 S x 


Example 


m 

f-H 


f-H 

W 


CO 


f-H 

I r- 
a, po 

Ph 


f-H 
1 vo 

<< 


a: 






M 


» S § O 


» — t 


f-H 
1 ^* 

PU ro 


CN 


f-H 

eu m 


f-H 
1 CN 

0i4 f-H 

< 




S O 

CQ 


o • 
< o 


M 


- 5 § o 


i-H 
r-l 


i— t 
1 O 
vo 

W 


in 


f-H 

1 o 
(U CN 


f-H 
1 O 

PU CN 
< 


3^ 
£=> 


H ^ 

So 

CQ 


o • 
< o 




S S § o 

CN 


Item 


Kind 

part by wt. 


Part by wt* 
of soften- 
ing agent 


Kind 

Part by wt. 


Kind 

Part by wt. 


Kind 

Part by wt. 


Kind 

Part by wt. 


Kind 

Part by wt. 


nd of adherend 


Surface hardness 
Fusion bonding test 

(1) Tensile test 
Bonding strength 

(Kgf/cm 2 ) 
Elongation at break 

(2) Folding test 


Constit- 
uent (A) 


Constit- 
uent (B) 


Constit- 
uent (C) 


Constit- 
uent (D) 


Other 
additives 


Thermo- 
plastic 
elastomer 
composi- 
tion 




Evalua- 
tion 
results 



so Examples 14 and 15 and Comparative Example 13 

In the same manner as in Examples 1 to 10. except that the constituents shown in Table 4 and Adherend (II) or 
(III) were used, a thermoplastic elastomer composition was prepared and subjected to evaluation tests. The evaluation 
results obtained are shown in Table 4. 
55 From the results, it can be seen that the thermoplastic elastomer composition of this invention had an excellent 

bonding strength even to the Adherends (II) and (III), and neither debonding nor breakage were caused by folding. In 
particular. Example 15 shows the case where both the thermoplastic elastomer composition and the Adherend (III) 
were prepared and formed, respectively, from the thermoplastic elastomer composition of this invention, and proves 
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that the bonding strength and elongation at break are further enhanced. 

On the other hand, in Comparative Example 1 3 free from the constituent (C) of this invention, the bonding strength 
and elongation at break were inferior. 
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^ Examples 16 and 17 

The constituents shown in Table 5 were used and the constituent (D) was added to a mixture of the constituents 
other than the constituents (C) and (D) : after which the resulting mixture was extruded using the same twin screw 
extruder as in Examples 1 to 10 under the conditions that the temperature was 230°C and the residence time was 2 

so minutes while subjected to dynamic heat-treatment to obtain pellets of a thermoplastic elastomer composition. 

Subsequently, the constituent (C) was further added to the pellet-shaped composition and the resulting mixture 
was charged into a pressure kneader having a volume of 10 liters manufactured by Kabushiki Kaisha Moriyama Sei- 
sakusho which had previously been heated to 1 50°C ; and kneaded at 40 rpm for 1 0 minutes. The composition obtained 
was formed into a sheet by means of a 10-inch roll and then cut to cubic pellets by a cube-cutting pelletizer. 

55 The cubic pellets were injection molded by an injection machine (N-100 ; a trade name of THE JAPAN STEEL 

WORKS. LTD.) in which a sheet of the Adherend (I) (60 x 50 x 2 mm) were previously attached to the split-cavity 
mold, to prepare a square plate (120 x 100 x 2 mm) in which the thermoplastic elastomer composition was fusion- 
bonded to the sheet of the Adherend (I). 
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The square pfate was subjected to evaluation test in the same manner as in Examples 1 to 10 to obtain the results 
shown in Table 5. 

From the results, it can be seen that the elastomer composition of this invention which was first subjected to 
dynamic heat-treatment and then blended with the constituent (C) was also excellent in bonding strength and elongation 
$ at break, and neither debonding nor breakage were caused by folding. 
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Thermoplastic elastomer composition 


Constituent (A) 


Kind 

part by wt. 


EP-1 53 


EP-1 46 








Part by wt. of softening agent 
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Part by wt. 
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Constituent (C) 
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Part by wt. 


AP-1 12 


AP-1 23 


20 
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Part by wt. 


PH3 0.36 


PH3 0.36 






Other additives 
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Part by wt. 


BM1 0.64 


BM1 0.64 


25 
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AO 0.09 
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Surface hardness 
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Fusion bonding test 










(1) Tensile test Bonding strength (Kgf/cm 2 ) 


27 


31 






Elongation at break (%) 


110 


230 


35 




(2) Folding test 




O 
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Examples 18 to 20 



In Example 18, in the same manner as in Example 11 , except that the constituents (B) and (C) were previously 
melt-mixed at a weight ratio of 1 : 1 by a twin screw extruder at 220°C and the mixture thus obtained was used to prepare 
a composition so that the proportions became the same as in Example 11 [the constituent (A) containing a softening 
agent: 105 parts by weight, the mixture of the constituents (B) and (C): 40 parts by weight], the preparation of a ther- 
moplastic elastomer composition and the evaluation test were conducted. The evaluation results are shown in Table 6. 

In Example 19, in the same manner as in Example 2 : except that the molten mixture of the constituents (B) and 
(C) used in Example 18 was used so that the proportions became the same as in Example 2 [the constituent (A) 
containing a softening agent: 93 parts by weight, the mixture of the constituents (B) and (C): 24 parts by weight, the 
constituent (B): 22 parts by weight), the preparation of a thermoplastic elastomer composition and the evaluation test 
were conducted to obtain the results shown in Table 6. 

In Example 20, the constituent (D) was added in the amount shown in Table 6 to a mixture comprising 92 parts by 
weight of the constituent (A) containing a softening agent. 23 parts by weight of the constituent (B) and the additives 
shown in Table 6 in the amounts shown in Table 6. and the resulting mixture was extruded using the same extruder 
as in Example 1 to 10 while subjected to dynamic heat-treatment under the conditions that the temperature was 230°C 
and the residence time was 2 minutes to obtain pellets of a thermoplastic elastomer composition. 

Subsequently, in the same manner as in Example 16, except that the pellet-shaped composition and the mixtures 
of the constituents (B) and (C) used in Examples 18 and 19 were used so that the proportions became the same as 
in Example 16 (the pellet-shaped composition: 116 parts by weight: the mixture of the constituents (B) and (C): 24 
parts by weight), the preparation of a thermoplastic elastomer composition and the evaluation tests were conducted 
to obtain the results shown in Table 6. 
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From the results : it can be seen that the thermoplastic elastomer composition of this invention obtained by using 
a mixture obtained by previously melt-mixing the whole amount or a part of the constituents (B) and (C) is excellent in 
bonding strength and elongation at break and does not cause debonding and breakage when folded (comparison of 
Example 18 with Example 11 : Example 19 with Example 2 and Example 20 with Example 16). 
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20 
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Part by wt. 


PH3 0.4 


PH3 0.4 


PH3 0.36 






Other additives 
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BM1 0.64 
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Surface hardness 
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35 

Example 21 



The pellets of the thermoplastic elastomer composition in Example 2 were injection -molded by an injection machine 
(N-100 : a trade name of THE NIPPON STEEL WORKS. LTD.) in which the Adherend (I) (120 x 100 x 1 mm) was 
40 previously attached to a sptit-cavity moid to prepare a laminate (120 x 100 x 2 mm) in which the thermoplastic elas- 
tomer composition were fusion-bonded to the Adherend (I). 

A test specimen prepared by punching this laminate in a width of 20 mm was applied to a tensile tester to measure 
at a speed of 50 mm/min the peeling strength of the bonded portion. 

The peeling strength was calculated by the following equation: 

45 D~ rt r ~ ♦ .i yi . Average stress (kgf) in distance of 5 cm 

Peeling strength (kgf/cm) f— — — t * : : : 

a y \ y / Width of test specimen (cm) 

The evaluation results are shown in Table 7. 



Comparative Example 14 

In the same manner as in Example 21 : except that the thermoplastic elastomer composition in Comparative Ex- 
ample 1 was substituted for the thermoplastic elastomer composition in Example 2. the preparation of a laminate and 
the evaluation test were conducted to obtain the results shown in Table 7. 

From the results, it can be seen that the thermoplastic elastomer composition of this invention is excellent in 
bonding strength to the Adherend (I) comprising the olefinic vulcanized rubber. 
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Comparative Example 22 

In the same manner as in Example 21 , except that the Adherend (II) was substituted for the Adherend (I), the 
preparation of a laminate and evaluation test were conducted to obtain the results shown in Table 7. 

5 

Comparative Example 15 

In the same manner as in Example 22. except that the thermoplastic elastomer composition in Comparative Ex- 
ample 1 was substituted for the thermoplastic elastomer composition in Example 2 : the preparation of a laminate and 
10 evaluation text were conducted to obtain the results shown in Table 7. 

From the results, it can be seen that the thermoplastic elastomer composition of this invention is excellent in 
bonding strength to the Adherend (II) comprising the olefinic unvulcanized rubber 



Table 7 



15 


Item 


Example 


Comp. Example 


Example 


Comp. Example 
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22 


15 


20 


Kind of laminate 


Kind of 
thermoplastic 
elastomer 
composition 


Example 2 


Comp. Example 1 


Example 2 


Comp. Example 1 






Kind of adherend 


(I) 


(I) 


(II) 


(M) 


25 


Evaluation 
results 


Peeling strength 
(Kgf/cm) 


2.2 


0.3 


>3.5 (Material 
failure) 


1.5 



NOTE 



Crystallinity 

30 

Using an X-ray diffraction measurement apparatus [manufactured by Rigaku Electric Co. : Ltd. (Rigaku Denki)] t 
crystallinity of a polymer was measured under the analysis condition using Cu-Kcx (wavelength of 1.542 A) and an 
output of 3 SKV-15mA. 

35 

Claims 

1. A thermoplastic elastomer composition obtained by adding (D) a cross-linking agent to a mixture comprising (A) 
20 to 80 parts by weight of an ethylene/o.-olefin copolymer rubber (B) 5 to 70 parts by weight of an ot-olefinic 
40 crystalline polymer and (C) 1 to 50 parts by weight of an c/.-olefinic non-crystalline polymer having a melt-viscosity 

of not more than 50.000 cps at 190°C : provided that the total of the constituents (A) ; (B) and (C) is 100 parts by 
weight, and subjecting the resulting mixture to dynamic heat-treatment at a temperature not lower than the melting 
point of the constituent (B). 

45 2. A thermoplastic elastomer composition obtained by adding (D) a cross-linking agent to a mixture comprising (A) 
20 to 80 parts by weight of an ethylene/c/.-olefin copolymer rubber and (B) 5 to 70 parts by weight of an c/.-olefinic 
crystalline polymer subjecting the resulting mixture to dynamic heat-treatment at a temperature not lower than the 
melting point of the constituent (B) ; adding, to the resulting composition, (C) 1 to 50 parts by weight of an c/.-olefinic 
non-crystalline polymer having a melt viscosity at 190°C of not more than 50.000 cps : provided that the total of 

50 the constituents (A). (B) and (C) is 100 parts by weight, and then melt-kneading the resulting mixture. 

3. The thermoplastic elastomer composition according to Claim 1 or 2. wherein the ethylene/a-olefin copolymer rub- 
ber (A) is a rubbery polymer comprising ethylene and an a-olefin having 3 or more carbon atoms as the essential 
constituents. 

55 

4. The thermoplastic elastomer composition according to Claim 3, wherein the a-olefin has 3 to 12 carbon atoms. 
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5. The thermoplastic elastomer composition according to Claim 4 : wherein the a-olefin having 3 to 1 2 carbon atoms 
is a member selected from the group consisting of propylene, 1 -butene : 1 -pentene, 3-methyl-1 -butene : 1 -hexene. 
3-methyl-1 -pentene, 4-methyl-1 -pentene, 3-ethyl-1 -pentene, 1-octene. 1-deceneand 1-undecene. 

s 6. The thermoplastic elastomer composition according to Claim 1 or 2, wherein the ethylene/a-olefin copolymer rub- 
ber (A) is selected from the group consisting of an ethylene/c/.-olefin binary copolymer and an ethylene/a-olefin/ 
non-conjugated diene ternary copolymer. 

7. The thermoplastic elastomer composition according to Claim 6, wherein the ethylene/a-olefin copolymer rubber 
1 0 (A) is an ethylene/a-olefin binary copolymer selected from the group consisting of ethylene/propylene binary co- 

polymer and ethylene/1 -butene binary copolymer which has an ethylene unit content of 50 to 95 mole %, the 
balance being propylene unit or 1 -butene unit, a crystallinity of 20% or less as measured by an X-ray diffraction 
and a Mooney viscosity (ML 1+4 100°C) of 10 to 500. 

*5 8. The thermoplastic elastomer composition according to Claim 6. wherein the ethylene/a-olefin copolymer rubber 
(A) is an ethylene/a-olefin/non-conjugated diene ternary copolymer. 

9. The thermoplastic elastomer composition according to Claim 8, wherein the non-conjugated diene of the ethylene/ 
a-olefin/non-conjugated diene ternary copolymer is a member selected from the group consisting of 1 : 4-pentadi- 

20 ene, 1 .4-hexadiene, 1 ,5-hexadiene, 1 : 7-octadiene ; 1 .9-decadiene. 3.6-dimethy!-1 : 7-octadiene : 4 : 5-dimethyl- 

1 : 7-octadiene, 5-methyl-1 : 8-nonadiene : dicyclopentadiene. 5-ethylidene-2-norbornene.. 5-vinyl-2-norbornene and 
2 : 5norbornadiene. 

10. The thermoplastic elastomer composition according to Claim S : wherein the ethylene/a-olefin/non-conjugated di- 
25 ene ternary copolymer is a terpolymer selected from the group consisting of ethylene/propylene/ dicycfopentadiene 

terpolymer. ethylene/propylene/ 5-ethylidene-2-norbornene terpolymer ethylene/1 -butene/ dicyclopentadiene ter- 
polymer and ethylene/1 -butene/ 5-ethylidene-2-norbornene terpolymer. which has an ethylene unit content of 50 
to 95 moie % based on the total of the propylene unit and the 1 -butene unit and has a dicyclopentadiene or 5-ethyl- 
idene-2-norbornene unit content of 3 to 10 mole % based on the total of the ethylene unit and the propylene or 
30 1 -butene unit, and which further has a crystallinity of 20% or less as measured by an X-ray diffraction and a Mooney 

viscosity (ML 1+4 100°C) of 10 to 500. 

11. The thermoplastic elastomer composition according to Claim 1 or 2. wherein the ethylene/a-olefin copolymer rub- 
ber (A) is a copolymer rubber obtained by polymerizing ethylene : an a-olefin and if necessary a non-conjugated 

35 diene in the presence of a catalyst composed of at least one solvent-soluble vanadium compound and at least 

one organoaluminum compound in a solvent. 

12. The thermoplastic elastomer composition according to Claim 1 or 2, wherein the a-olefinic crystalline polymer (B) 
is a homopolymer or an a-oiefin having 3 or more carbon atoms or a copolymer comprising a major amount of 

40 said a-olefin which homopolymer or copolymer has a crystallinity of 50% or more as measured by an X-ray dif- 

fraction. 

13. The thermoplastic elastomer composition according to Claim 12. wherein the homopolymer and copolymer have 
a density of 0.90 to 0.94 g/cm 3 

45 

14. The thermoplastic elastomer composition according to Claim 1 or 2. wherein the a-olefin of the a-olefinic crystalline 
polymer (B) is an a-olefin having 3 to 12 carbon atoms. 

15. The thermoplastic elastomer composition according to Claim 14, wherein the a-olefin is a member selected from 
50 the group consisting of propylene, 1 -butene, 1 -pentene, 3-methyl-1 -butene : 1 -hexene, 3-methyl-1 -pentene, 4-me- 

thyl-1 -pentene. 3-ethyl-1 -pentene, 1-octene : 1-deceneand 1-undecene. 

16. The thermoplastic elastomer composition according to Claim 12. wherein the homopolymer and copolymer have 
a maximum peak temperature (Tm) as measured by a differential scanning calorimetry (DSC) of not less than 

S5 100°C : a melt flow rate (MFR) at a temperature of 230°C under a load of 2.16 Kg of 0.1 to 100 g/10 min and a 

melting point not lower than 100°C. 

17. The thermoplastic elastomer composition according to Claim 1 or 2. wherein the a-olefinic non-crystalline polymer 
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(C) having a melt-viscosity at 190°C of not more than 50 ; 000 cps is a non-crystalline homopolymer of an a-olefin 
having 3 or more carbon atoms or a non-crystalline copolymer comprising a major amount of said a-olefin, said 
non-crystalline homopolymer and copolymer having a crystallinity of less than 50% as measured by an X-ray 
diffraction. 

5 

18. The thermoplastic elastomer composition according to Claim 17, wherein the non-crystalline homopolymer and 
copolymer have a density of 0.85 to 0.89 g/cm 3 . 

19. The thermoplastic elastomer composition according to Claim 17, wherein the non-crystalline homopolymer and 
io copolymer have a number average molecular weight of 1 ,000 to 20,000. 

20. The thermoplastic elastomer composition according to Claim 17, wherein the a-olefin having 3 or more carbon 
atoms of the non-crystalline homopolymer or copolymer is an a-olefin having 3 to 12 carbon atoms. 

is 21 . The thermoplastic elastomer composition according to Claim 20 : wherein the a-olefin having 3 to 1 2 carbon atoms 
is selected from the group consisting of propylene, 1 -butene, 1 -pentene, 3-methyl-1 -butene, 1 -hexene. 3-methyl- 
1-pentene. 4-methyl-1 -pentene, 3-ethyl-1 -pentene, 1-octene : 1 -decene and 1-undecene. 

22. The thermoplastic elastomer composition according to Claim 1 7, wherein the non-crystalline homopolymer or non- 
20 crystalline copolymer is a member selected from the group consisting of atactic polypropylene, atactic poiy- 

1 -butene, a non-crystalline polymer comprising a major amount of propylene and a minor amount of other olefins, 
and a non-crystalline polymer comprising a major amount of 1 -butene and a minor amount of other olefins. 

23. The thermoplastic elastomer composition according to Claim 1 or 2. wherein the cross-linking agent (D) is a member 
25 selected from the group consisting of an organic peroxide, a phenol type cross-linking agent, sulfur, a sulfur com- 
pound, p-quinone. a p-quinonedioxime derivative, a bismaleimide. an epoxy compound, a silane compound and 
an amino resin. 

24. The thermoplastic elastomer composition according to Claim 23, wherein the cross-linking agent (D) is an organic 
30 peroxide and the proportion of the organic peroxide blended is 0.05 to 1.5 parts by weight per 100 parts by weight 

of a total of the ethylene/a-olefin copolymer rubber (A), the a-olefinic crystalline polymer (B) and the a-olefinic 
non-crystalline polymer (C). 

25. The thermoplastic elastomer composition according to Claim 23, wherein the cross-linking agent (D) is a phenol 
35 type cross-linking agent and the proportion of the phenol type cross-linking agent blended is 0.2 to -1*0 parts by 

weight per 100 parts by weight of a total of the ethylene/a-olefin copolymer rubber (A) : the a-olefinic crystalline 
polymer (B) and the a-olefinic non-crystalline polymer (C). 

26. The thermoplastic elastomer composition according to Claim 1 or 2, wherein the conditions for the dynamic heat- 
-to treatment are such that the temperature is 120-350°C and the time is 20 seconds to 20 minutes. 

27. A bonded article composed of one molded article of an olefinic vulcanized rubber strongly bonded to one molded 
article of a thermoplastic elastomer composition or two molded articles of an olefinic vulcanized rubber strongly 
bonded to each other through one molded article of a thermoplastic elastomer composition, said thermoplastic 

■+5 elastomer composition comprising (A) 20 to 80 parts by weight of an ethylene/a-olefin copolymer rubber, (B) 5 to 

70 parts by weight of an a-olefinic crystalline polymer and (C) 1 to 50 parts by weight of an a-olefinic non-crystalline 
polymer having a melt viscosity at 1 90°C of not more than 50.0000 cps. 

28. A bonded article composed of one molded article of an olefinic thermoplastic elastomer strongly bonded to one 
50 molded article of a thermoplastic elastomer composition or two molded articles of an olefinic thermoplastic elas- 
tomer strongly bonded to each other through one molded article of a thermoplastic elastomer composition, said 
thermoplastic elastomer composition comprising (A) 20 to 80 parts by weight of an ethylene/a-olefin copolymer 
rubber, (B) 5 to 70 parts by weight of an a-olefinic crystalline polymer and (C) 1 to 50 parts by weight of an a- 
olefinic non-crystalline polymer having a melt viscosity at 190°C of not more than 50.0000 cps. 
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